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a b s t r a c t
Background: Although electrophysiological study is often performed in Brugada syndrome (BrS) to assess
inducibility of ventricular arrhythmias (VA), the utility of electrophysiological study in early repolariza-
tion syndrome (ERS) remains unknown. The aim of the present multi-center observational study was to
compare inducibility of VA in ERS with BrS, and to investigate any association between inducibility and
recurrence of arrhythmic events in these patients.
Methods: The J-PREVENT registry consists of patients with early repolarization or Brugada type 1 ECGs, a
history of prior cardiac events, and no structural heart disease. Patients in the registry with implantable
cardioverter-deﬁbrillators (ICDs) and who underwent electrophysiological study were enrolled. VA
inducibility was assessed by programmed electrical stimulation performed at two different sites in the
right ventricle with up to three extrastimuli. The occurrence of VA during follow-up was determined by
interrogation of the patients' ICDs.
Results: Of the 79 patients studied (72 males, mean age 44713 years), 21 patients (27%) had ERS, and 58
had BrS, 20 of whom also had early repolarization in the inferolateral leads. VA was induced in 9 patients
(43%) and 45 (78%) with ERS and BrS, respectively (p¼0.006). During a median follow-up of 1453 days,
occurrence rate of VA was similar between ERS and BrS (p¼0.35). Inducibility was not associated with
occurrence of VA in either syndrome.
Conclusions: In patients with ERS with prior history of cardiac events, VA was induced in 43% of patients
during electrophysiological study, approximately half that of BrS. Inducibility was not associated with
occurrence of VA during follow-up, although this was true of BrS patients as well. Electrophysiological
study may play a limited role in risk stratiﬁcation in ERS.
& 2014 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
1. Introduction
Since the recent demonstration of an association between an
early repolarization pattern in the inferolateral leads of the ECG
and sudden cardiac death [1–3], a distinct clinical entity referred
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to as early repolarization syndrome is now widely recognized.
Early repolarization is a relatively common electrocardiographic
feature; thus, risk stratiﬁcation of subjects whose ECGs exhibit this
feature is desirable for the prevention of sudden cardiac death.
Brugada syndrome is also associated with life-threatening
arrhythmias. Several tests have been vetted for use in risk
stratiﬁcation of Brugada syndrome patients. There have been
many reports that ventricular arrhythmias are inducible during
electrophysiological study in patients with Brugada syndrome, but
whether such study results have predictive value for cardiac
events remains controversial [4–8]. Because early repolarization
syndrome and Brugada syndrome have similar clinical and elec-
trocardiographic characteristics, some investigators hypothesize
that these two syndromes represent points on a continuous
spectrum of J-wave abnormalities called the J-wave syndrome
[9]. However, unlike Brugada syndrome, inducibility of ventricular
arrhythmias in early repolarization syndrome has not received
much study.
The aim of the present multi-center observational study was to
compare inducibility of ventricular arrhythmias in early repolar-
ization syndrome with Brugada syndrome, and to investigate any
association between inducibility and recurrence of arrhythmic
events in these patients.
2. Methods
2.1. Study population
The J-PREVENT registry consists of patients who meet the
following criteria: (i) prior history of aborted sudden cardiac
arrest, ventricular ﬁbrillation, ventricular tachycardia, or syncope,
(ii) no structural heart disease as veriﬁed by echocardiography and
coronary angiography, (iii) Brugada type 1 ECG [10] in the
presence or absence of sodium channel-blocking agent, or early
repolarization (J-point elevation by at least 0.1 mV above the
baseline level) ECG in at least 2 contiguous leads in the inferior
(II, III, and aVF) or lateral leads (I, aVL and V4-6) (1,2). Exclusion
criteria were the following: (i) a resting corrected QT interval
(QTc) 4460 ms for men or a QTc 4480 ms for women, or short
QT interval (QTcr340 ms), (ii) a reversible cause of cardiac arrest
such as marked hypokalemia or drug intoxicity. In patients with
syncope, brain CT scanning, electroencephalogram, head-up tilt
test or coronary angiogram was performed. Patients were not
enrolled in the present study, if non-cardiac etiologies of syncope
were identiﬁed. No patients were taking antiarrhythmic drugs at
the time of enrollment in this study. For the purposes of the
present study, a subset of patients enrolled in the J-PREVENT
registry was selected, namely, patients who received electrophy-
siological study and who had an implantable cardioverter-
deﬁbrillator (ICD).
All patients gave written informed consent for the study
protocol, which was approved by the Institutional Review Board
at each center.
2.2. Electrophysiological study
The protocol of programmed electrical stimulation differed at
each center, and consisted of one drive cycle of 500 or 600 ms, or
two drive cycles of 600 and 400 ms with up to 3 extrastimuli (S2–
S4) delivered from the apex and outﬂow tract of the right
ventricle. The coupling interval of extrastimuli was reduced in
decrements of 10 ms until 200 ms was reached for S1–S2 or S2–S3.
For S3–S4, the coupling interval of extrastimuli was until 180 ms
or 200 ms at the discretion of each center. If VF or sustained
polymorphic VT (430 s of duration) was induced by programed
electrical stimulation, the patient was categorized as inducible.
Once VT or VF which required electrical cardioversion was
induced, electrophysiological study was terminated regardless of
completion of the stimulation protocol.
2.3. Follow-up
All patients studied had an ICD, this was an inclusion criterion.
ICDs were programmed at the discretion of each institution. The
study endpoint was occurrence of arrhythmic events deﬁned as
sudden death or appropriate ICD therapy for VT/VF. During the
follow-up period, the ICD was interrogated at least every 6 months
to assess arrhythmic events. If ICD therapy had been delivered,
electrograms stored in the ICD were examined at each center by
electrophysiologists and appropriateness of the ICD therapy was
determined. For patients who had multiple episodes of appro-
priate ICD therapy, antiarrhythmic drugs were administered at the
discretion of each center.
2.4. Statistical analysis
The data are presented as the mean7standard deviation for
normally distributed variables and median and interquartile range
for non-normally distributed variables. Continuous variables were
compared using one-way analysis of variance (ANOVA). Compar-
ison of proportions was performed by Fisher's exact test. Freedom
from arrhythmic events was analyzed using the Kaplan–Meier
method. A log-rank test was used to compare estimates of the
arrhythmic event-free rate across groups. A p value less than 0.05
Table 1
Clinical characteristics and electrocardiographic type.
Early repolarization syndrome
(n¼21)
Brugada syndrome without early
repolarization (n¼38)
Brugada syndrome with early
repolarization (n¼20)
Value
Mean age at the ﬁrst event 41715 47713 43712 0.17
Male, n (%) 17 (81%) 35 (92%) 20 (100%) 0.09
First event 0.0002
Aborted sudden cardiac death 1 (5%) 4 (10.5%) 0 (0%)
Ventricular tachycardia/ventricular
ﬁbrillation
19 (90%) 11 (29%) 10 (50%)
Syncope 1 (5%) 23 (60.5%) 10 (50%)
Family history 2 (10%) 6 (18%) 2 (10%) 0.7
Heart rate (bpm) 68712 69713 74713 0.26
PR interval (ms) 168727 172721 186734 0.09
QRS width (ms) 97715 104726 118723 0.015
QTc interval (ms) 428736 426730 432757 0.9
Atrial tachyarrhythmias 3 (14%) 6 (16%) 5 (25%) 0.69
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was considered to be statistically signiﬁcant. All statistical analyses
were performed using JMP 9.0.0 (SAS Institute Inc.).
3. Results
From 10 centers in Japan, 79 patients (72 males, 91%) were
studied. Mean age at the ﬁrst event (aborted sudden cardiac arrest,
VT, VF or syncope) before enrollment was 44713 years. Twenty-
one patients (27%) had early repolarization syndrome, and the
remaining 58 patients (73%) had Brugada syndrome. Of the 58
patients diagnosed with Brugada syndrome, 20 exhibited early
repolarization in the inferolateral leads as well. The ﬁrst event was
aborted sudden cardiac arrest in 5 (6%), VT/VF in 40 (51%) and
syncope in 34 (43%) patients, respectively. Ten patients (13%) had
a family history of sudden death or idiopathic VT/VF. Clinical
characteristics were compared according to ECG type (Table 1).
Brugada syndrome patients were more likely to experience syn-
cope as the ﬁrst cardiac event (61% of those without early
repolarization; 50% with early repolarization), as compared to
patients with early repolarization (5%). QRS widths were shortest
in patients with early repolarization alone and greatest in Brugada
syndrome patients with early repolarization.
3.1. Electrophysiological study
Ventricular arrhythmias were induced in 9 patients (43%) and
45 patients (78%) in early repolarization syndrome and Brugada
syndrome, respectively (p¼0.006). Inducibility was similar
between the patients with Brugada syndrome without (76%) and
with (80%) the presence of early repolarization in the inferolateral
leads. Gender, family history, age at ﬁrst event, PR interval, QRS
width and QTc interval were not associated with inducibility. Over
the 40 patients who had VT/VF as the ﬁrst cardiac event,
ventricular arrhythmias were less frequently induced, as com-
pared with those with syncope or aborted sudden cardiac arrest
(50% vs 88% vs 80%, po0.001). Of the 45 patients who had aborted
sudden cardiac arrest or VT/VF as the ﬁrst cardiac event (i.e.,
excluding the patients who had syncope), inducibility rate in
patients with early repolarization alone appeared to be less than
in Brugada syndrome patients, but the difference was not statis-
tically signiﬁcant (early repolarization syndrome: 40%, Brugada
syndrome without early repolarization: 60%, Brugada syndrome
with early repolarization: 70%, p¼0.25).
3.2. Occurrence of ventricular arrhythmia during follow-up
During a median follow-up of 1453 days (IQR: 731–2765 days),
VT/VF occurred in 20 patients (25%). From Kaplan–Meier esti-
mates, the occurrence rate of arrhythmic events at 5-year follow-
up was similar between early repolarization syndrome patients
and Brugada syndrome patients (early repolarization syndrome:
31%, Brugada syndrome without early repolarization: 20%, Bru-
gada syndrome with early repolarization: 21%; p¼0.35, Fig. 1).
Occurrence of arrhythmic events was not associated with induci-
bility in electrophysiological study (p¼0.17). Patients who experi-
enced aborted sudden cardiac arrest or VT/VF at the ﬁrst cardiac
event had a higher arrhythmic event rate compared to those with
syncope (p¼0.036, Fig. 2).
After exclusion of patients who had syncope as the ﬁrst cardiac
event, arrhythmic event rate at 5-year follow-up was similar
between patients with early repolarization and Brugada syndrome
patients (32% vs 36%, p¼0.88), and inducibility in electrophysio-
logical study was not predictive of the occurrence of arrhythmic
events during follow-up in either patients with early repolariza-
tion (p¼0.93) or Brugada syndrome patients (p¼0.77).
4. Discussion
Early repolarization is a common ECG characteristic. Its
reported prevalence is 6–25% of the general population, and is
particularly common in athletes [2,3,11,12]. It is now recognized
that a small fraction of people with early repolarization on their
ECGs develop lethal tachyarrhythmias. Thus, idiopathic VF patients
with early repolarization are rarely encountered in clinical prac-
tice. Actually, in the J-PREVENT registry, only 29 patients with
early repolarization syndrome (8 patients were not included in the
present study, because they did not undergo electrophysiological
study) were enrolled from 10 centers over several years. Currently,
primary ICD therapy is therefore not indicated for subjects with
early repolarization pattern. However, if a risk stratiﬁcation
scheme could be developed to identify those at risk with high
speciﬁcity, those patients would be candidates for ICD implanta-
tion. To date, amplitude of the J-point and speciﬁc ST-segment
morphology have been reported to be associated with higher risk
in subjects with early repolarization pattern [13,14]. Less is known
about the utility of conducting electrophysiological study in early
repolarization syndrome, as compared to Brugada syndrome. In
the present study, 20 of the 21 patients with early repolarization
syndrome had as their ﬁrst cardiac event, aborted sudden cardiac
death or VT/VF. These patients are obviously at high risk compared
to subjects without prior cardiac events. Yet, we found that
ventricular arrhythmias were inducible in only 43% (9 of 21)
of the patients. Furthermore, inducibility was not predictive of
Fig. 1. Ventricular arrhythmia free rate in patients with J wave abnormality.
Arrhythmic events were deﬁned as sudden death or appropriate ICD therapy for
ventricular tachycardia or ventricular ﬁbrillation. ERS¼early repolarization syn-
drome, BrS¼Brugada syndrome. See text for further discussion.
Fig. 2. Ventricular arrhythmia free rate in patients who had syncope as their ﬁrst
cardiac event and those who had aborted sudden cardiac death (SCD), ventricular
tachycardia (VT) or ventricular ﬁbrillation (VF) as their ﬁrst cardiac event.
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recurrence of arrhythmia. Our data suggest limited predictive
value of electrophysiological study for early repolarization syn-
drome patients. Further study is required to evaluate to what
extent the current results can be extrapolated to subjects without
prior cardiac events.
The following are some of the clinical similarities between early
repolarization syndrome and Brugada syndrome: the dynamic nat-
ure of the J wave, such as its pause or bradycardia dependent
augmentation [15–18], suppression of J wave or VF storm by
isoproterenol [19,20], and predominant occurrence of VF at nighttime
[21]. On the other hand, there are also differences between these two
syndromes. Firstly, early repolarization syndrome and Brugada
syndrome are different in terms of location of ECG leads of the J-
point elevation. This is considered to represent differences in the
anatomical location of the repolarization abnormality. Roten et al.
reported that the effects of ajmaline on the J wave differed [22]. The
presence of late potentials also differs. In early repolarization
syndrome, late potentials are absent in most patients, while late
potentials are present in 60–92% of Brugada syndrome patients [23–
25]. From these facts, depolarization abnormality is less likely to
contribute to arrhythmogenicity in early repolarization syndrome,
compared to Brugada syndrome. This is consistent with our ﬁnding
of a lower inducibility rate in early repolarization syndrome. Previous
studies have suggested that not only a repolarization abnormality but
also a depolarization abnormality underlies the pathophysiology of
Brugada syndrome [26,27].
Ventricular arrhythmias were not inducible in the present
study in more than half of the patients with early repolarization
syndrome. A more aggressive ventricular stimulation protocol may
have increased rate of inducibility. It is also possible that the
arrhythmia substrate varies temporally in early repolarization
syndrome. In both early repolarization syndrome and Brugada
syndrome, arrhythmic events occur more frequently in the night-
time [21]. However, weekly distribution of arrhythmic events is
different between these two. We reported that early repolarization
syndrome patients and Brugada syndrome patients had arrhyth-
mic events more frequently on weekends and weekdays, respec-
tively [28]. Thus, electrophysiological study performed at
nighttime on weekend may have increased inducibility in early
repolarization syndrome. Factors associated with the circadian
rhythm such as autonomic tone and humoral factors potentially
play a role in the arrhythmia substrate of the early repolarization
syndrome and Brugada syndrome [29].
Early repolarization is often also observed in Brugada syn-
drome patients [30–34]. In this study, 34% of Brugada syndrome
patients exhibited early repolarization in inferolateral leads. Clin-
ical characteristics, inducibility, and arrhythmic event rate were
similar between patients with and without early repolarization. In
a previous report from Lestas et al., risk was similar between
patients with and without early repolarization in Brugada syn-
drome [30], while there were three reports which demonstrated
that early repolarization was associated with higher risk [32–34].
All of these studies and the present study included different
patient cohorts, which may explain the inconsistent results. In
the studies by Kamakura et al. and Takagi et al., 330 and 460
patients were enrolled, respectively, but more than half of the
patients studied were asymptomatic [32,33]. In both studies,
arrhythmic event rate was 7–8% during 4-year follow-up. Kawata
et al. enrolled 49 Brugada syndrome patients with documented VF
[34]. In their study, 71% of patients had VF during 7.8-year follow-
up. It is now recognized that asymptomatic patients with Brugada
type ECG are at low risk (annual arrhythmic event rate of o1%).
Thus, the present study included 58 symptomatic Brugada syn-
drome patients and showed overall arrhythmic event rate of 21%
at 5-year follow-up. The results of the studies need to be taken
into account together with the enrolled patient cohorts.
In patients with VT/VF as the ﬁrst cardiac event, inducibility
rate was less compared to those with aborted sudden cardiac
arrest or syncope. Of the 40 patients who had VT/VF as the ﬁrst
event, 19 patients (48%) were early repolarization syndrome. In
contrast, in patients with aborted sudden cardiac arrest and
syncope, 20% and 3% of the patients were early repolarization
syndrome, respectively. Thus, ECG patterns (early repolarization or
Brugada syndrome) can be attributable to less inducibility rate in
patients with VT/VF as the ﬁrst cardiac event.
4.1. Limitations
Electrophysiological study was not performed in all of the
patients in the registry, because patients who experience aborted
sudden cardiac arrest or VT/VF are eligible to receive ICD therapy
regardless of inducibility of ventricular arrhythmias during elec-
trophysiological study. This patient selection bias may have
inﬂuenced the results of this study.
In Brugada syndrome, previous studies have demonstrated that
the electrical disorder is located predominantly in the right
ventricular anterior wall. By contrast, in early repolarization
syndrome, it is considered that electrical disorders are distributed
predominantly in the free wall of the left ventricle. Nevertheless,
electrical stimulation was delivered only in the right ventricle in
the present study, and this may have contributed to the lower rate
of inducibility in the early repolarization syndrome patients.
Data on electrophysiological variables such as HV interval or
effective refractory period were not available in this registry,
although they may have shed light on the underlying mechanisms
of the occurrence of ventricular arrhythmias in early repolarization
syndrome or Brugada syndrome.
Inducibility of ventricular arrhythmia was not predictive of the
occurrence of ventricular arrhythmia during follow-up. The pro-
tocol of electrophysiological study was different at each center,
such as cycle length of the drive train or the shortest coupling
interval of S3–S4 (180 ms or 200 ms). Additionally, the number of
patients enrolled in this study was relatively small. Thus, the
future studies may provide different results.
5. Conclusions
In patients with early repolarization syndrome with prior
history of cardiac events, ventricular arrhythmias were inducible
in 43% of the patients during electrophysiological study. Addition-
ally, inducibility was not associated with occurrence of VT/VF
during the follow-up period. These results suggest that electro-
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